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SPONTANEOUS PHAGOCYTOSIS OF FUSIFORM BACILLI 
AND INFLUENZA BACILLI * 

Ruth Tunnicliff and David J. Davis. 

(From the Memorial Institute lor Injections Diseases, Chicago.} 

It is important to investigate to what extent phagocytosis is depend- 
ent upon the presence of opsonins. Are opsonins essential in all 
cases where micro-organisms are ingested by leucocytes, or may the 
process occur in some instances in the absence of serum ? Again, 
we may ask whether phagocytosis may not go on to a certain degree 
without opsonin and the process merely be accelerated by its presence, 
in a way analogous to the action of a catalytic agent upon chemical 
reactions. The following observations appear to have a direct 
bearing upon these points. 

PHAGOCYTOSIS OF FUSIFORM BACILLI 
(R. Tunnicliff.) 

The fusiform bacilli employed in the experiments are anaerobic 
organisms isolated from the gums of healthy mouths. The bacilli, 
first isolated on ascites agar, were later transplanted on Loeffler's 
blood serum for several generations because of the possibility of the 
ascites fluid containing opsonin, which might sensitize the bacilli 
and thus interfere with the experiment. The human leucocytes 
used were washed at least five times in normal salt solution in order 
to remove the serum. 

Phagocytosis of both living and dead bacilli in the presence of 
normal human serum and of salt solution was studied, and the 
results are given in Table i. 

TABLE i. 

Phacocytosis of Fusiform Bacilli. 



Bacterial Suspension 2 Volumes 
Serum or NaCl Solution i Volume 


Phagocytosis (Average in 20 
Leucocytes) 


Washed Human Corpuscles in 

- NaCl Solution i Volume 


10 
min. 


20 
min. 


35 
min. 


I 

hour 


* 

3 
hrs. 


5 

hrs. 




5-9 
7.0 
6.9 
3-4 


7.2 
6.5 
10. 

3-4 


9-9 

3-8 


9.8 
11. 

9.8 
6.0 


9.0 

16.0 

0.0 

7.0 
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From this table the following conclusions may be drawn: 

1. Phagocytosis is as active in the presence of normal salt solution 
as in the presence of serum. 

2. Phagocytosis increases in the presence of serum during the 
first 35 minutes, and remains about stationary after that time. 

3. Phagocytosis in the presence of normal salt solution increases 
both up to and after the first hour, so that at the end of five hours the 
number of bacteria taken up is more than double the number taken 
up in the presence of serum during the same time. 

4. Dead bacilli are taken up by the leucocytes to about the same 
extent as the living organisms, showing that the increase in the number 
of bacilli in the leucocytes is not due wholly to multiplication of the 
bacilli inside the cells but largely to a true phagocytosis. 

In order to ascertain the influence of higher percentages of salt 
on phagocytosis salt solutions 1 . 3 per cent, 1 . 7 per cent, and 2 . 5 
per cent in strength were employed as well as the physiological 
solution. No difference in the number of bacilli ingested was ob- 
served until the strength of the solution was 2 . 5 per cent, when the 
number of bacilli taken up was reduced more than one-half. 

When the leucocytes were heated for 10 minutes at 50 C. no 
phagocytosis occurred either in the presence of serum or of salt 
solution. 

The leucocytes and the serum of rabbits and guinea-pigs were 
also used with the result that phagocytosis of the fusiform bacilli 
was the same, whether salt solution or serum was employed. 

PHAGOCYTOSIS OF INFUENZA BACILLI. 
(D. J. Davis.) 

Pfeiffer noted the occasional occurrence of these bacilli inside 
the leucocytes in the sputum of influenza patients, more particularly 
in the latter part of the attack. In the sputum of other infections, 
such as pertussis, in which similar bacilli are found, it is only occa- 
sionally that they are encountered inside the pus cells. When the 
bacilli in moderate quantities are injected into the peritoneal cavity 
of animals they are taken up in large numbers by polynuclear leuco- 
cytes, but if very large amounts are injected the exudate contains 
few leucocytes and the animal dies in 12 to 20 hours. The few 
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leucocytes which may be present under these conditions readily 
take up the bacilli. In vivo, therefore, phagocytosis appears to be an 
important process in the destruction of influenza bacilli. 

In the test-tube strains isolated from measles, whooping-cough, 
tonsilitis, pharyngitis, varicella, influenza, and conjunctivitis, all 
were found to be readily taken up by human leucocytes in defib- 
rinated blood in the course of 20 minutes or less. If washed leuco- 
cytes are used the bacilli are also taken up but not so rapidly as when 
serum is present. When thick suspensions of bacilli are used the 
leucocytes in both cases are crowded with them in from 20 to 30 
minutes. If dilute suspensions are used a distinct difference in 
phagocytic activity between the washed and unwashed leucocytes 
in favor of the latter is seen in 20 minutes, but after from four to 
eight hours this difference disappears, the leucocytes being now so 
filled with the bacilli that their number cannot be accurately deter- 
mined by count. This phagocytosis in salt solutions which may 
be referred to as spontaneous phagocytosis cannot be satisfactorily 
explained by insufficient washing of the corpuscles. In some of the 
experiments the corpuscles were washed seven times in liberal quan- 
tities of salt solution. This amount of dilution and washing is quite 
sufficient completely to inhibit phagocytosis of staphylococci and 
meningococci. In several of the experiments staphylococci and 
meningococci were used as controls, and in no instance were they 
taken up even after several hours. Again spontaneous phagocy- 
tosis cannot be explained by long-continued cultivation on artificial 
media; all strains isolated from various sources without exception 
showed spontaneous phagocytosis, though some had been isolated 
from throat lesions only a few days while others had been under 
cultivation for five months. The possibility of explaining the large 
number of bacilli in the leucocytes after a few hours, by growth 
having occurred inside the leucocyte from an occasional bacillus, need 
not be considered, because the same result is obtained with bacilli 
killed by heating to 46 C. for 30 minutes. That the bacilli do not 
become sensitized by growing on blood media which they require 
was shown by using washed corpuscles in the media and also by 
heating the blood to 95 C. for one hour before adding it to the media. 
Lastly spontaneous phagocytosis is not merely the adhesion of the 
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bacilli to the surface of the leucocyte, for its appearance is identical 
with that of phagocytosis occurring in serum, and mere adhesion of 
bacteria to a leucocyte is manifested by a marginal arrangement 
of the organisms. 

Wright observed spontaneous phagocytosis of tubercle bacilli 
in certain concentrations of salt solutions. The greatest spontane- 
ous phagocytosis occurred in a 0.6 per cent solution; this progress- 
ively decreased and practically disappeared in a 1 . 3 per cent solution. 
Varying concentrations of salt solution, at least within the above 
limits, have no effect upon the phagocytosis of influenza bacilli. This 
is shown in Table 2. In this experiment a thin suspension of the 

TABLE 2. 

Showing Effect of Varying Concentrations of NaCl ufon Phagocytosis of Influenza Bacilli 
by Normal Human Corpuscles Washed Four Times. 



Concentration of 
NaCl Solution 



0.6 per cent 

0.7 
0.8 
0.85 

O.Q 
T.O 
I.I 
I. 2 
1-3 

1.4 



Phagocytosis 



20 min. 2 hours 7 hours 



5 


3 


3 


2 


9 


4 


3 


4 


4 


8 


1 





it 


1 


1 


8 


2 


3 


3 


3 



20 + 
20-t- 
20 + 
20 + 
20+ 
20 + 
20 + 
20 + 
20 + 
20 + 



bacilli was used, otherwise phagocytosis would have been so rapid 
the bacilli could not be counted in 20-minute and two-hour intervals. 



GENERAL CONSIDERATIONS. 

On the basis of these results we are therefore justified in con- 
sidering the influenza and fusiform bacilli as organisms for the 
phagocytosis of which serum is not necessary. In this respect they 
may be classed with such inert bodies as carmin particles which, 
as is well known, are taken up by washed leucocytes. 

From the facts brought out in our experiments it would seem that 
opsonins are not the only factor which controls the ingestion of 
bodies by leucocytes. 

In connection with the facts here stated concerning influenza and 
fusiform bacilli may be mentioned certain other, closely related 
phenomena, not infrequently observed, which seem difficult to 
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explain on the basis solely of the opsonic theory. In suspensions of 
leucocytes, thoroughly washed, and bacteria (staphylococci, men- 
ingococci, colon bacilli, etc.) one finds occasionally a leucocyte con- 
taining a large number of organisms, whereas most of the cells 
under apparently the same conditions do not contain any bacteria; 
and one may nearly always find that a few bacteria have been taken 
up. The opsonic index is rarely ever zero under these conditions. 
Again, in the meningeal fluid in cases of meningitis it is very common 
to find here and there a leucocyte with many meningococci, while 
most of the cells do not contain the cocci, though identical morpho- 
logically with those which do. In these cases the fluid contains 
very small amounts of opsonin compared with serum as may be 
shown by test-tube experiments. One cannot attribute such phe- 
nomena to clumping of the organisms, for this is not apparent; and 
it does not appear to be due to an intraphagocytic multiplication 
of the bacteria. The facts, therefore, appear to indicate that in this 
case the leucocytes do not, at least not in all cases, play merely a 
passive r61e in the process of phagocytosis, taking up anything that 
may be prepared for them by the serum, but more probably exercise 
a selective function which is comparable to the ingestion of food by 
the ameba. 

It is to be noted that in the case of influenza bacilli the serum 
accelerates the process of phagocytosis, which goes on to a considerable 
extent, however, with washed leucocytes. One might explain the 
phagocytosis in the latter instance by saying that all of the serum 
was not removed by washing and that the bacilli are sensitized by 
minute quantities of opsonin, whereas other organisms, such as the 
staphylococcus, are not appreciably affected by such small amounts. 
It would be difficult to prove or disprove directly this point, inas- 
much as it is impossible theoretically to remove all the serum from the 
leucocytes by the method of washing in salt solution. However, 
after washing seven times, as was done in some of our experiments, 
the quantity of serum left must be very small indeed. Hence it 
does not appear reasonable that the minute traces of serum which 
may remain play any detectable r6le in the so-called spontaneous 
phagocytosis. 

There seems to be an analogy, and it can be considered merely an 
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analogy, between the auxiliary action of serum in phagocytosis of 
influenza organisms and the catalytic action of ferments in chemical 
reactions whereby the process which normally goes on very slowly 
is accelerated by the presence of the catalyser. In the case of fusi- 
form bacilli this auxiliary action is not so apparent, though, as may 
be seen from Table 1, there is a distinct suggestion of it when dead 
bacilli are used. 

One may assume that the bacteria, taken up by spontaneous 
phagocytosis, in the natural state may be in such a condition that 
they do not require opsonification. One may say that they are in 
an opsonized condition naturally. We may suggest further that the 
bacterial cell itself may produce opsonin that enables leucocytes to 
ingest it, thus being in the presence of leucocytes its own destroyer. 
It is as rational to assume the production of opsonin by bacterial 
cells as by other cells or the production of cell receptors by bacteria. 
The objection to this idea, however, is the fact that bacteria heated to 
a point (6o° C.) which appears to destroy many opsonins as we now 
know them, are still taken up by washed leucocytes. This would 
consequently rule out the possibility of the origin in the bacterial 
cell of an opsonin having the properties of most normal serum 
opsonins. We may state then that if certain bacteria are opsonized 
naturally, it must be due to a body with properties different from 
that of ordinary normal opsonins in that it is more highly resistant to 
heat. This is not impossible, for we are acquainted with immune 
opsonins which are much more resistant to heat than normal opso- 
onins and which probably vary considerably in this respect. We 
might even consider the suggestion that immune opsonins in the 
animal body originate from the bacterial cell. 

There still remains the possibility that the natural physical state 
of certain bacteria, such as the surface properties, favor the process 
of phagocytosis. This may be applied not only to bacteria but to 
inert bodies like carmin particles. Indeed, it is quite probable that 
ultimately the whole process of phagocytosis and opsonification will 
be found to depend upon such factors; but we should be extremely 
cautious in assuming that we have here to deal only with such com- 
paratively simple phenomena, as variations in surface tension or 
electrical charge. For, granting that such variations occur, we know 
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nothing as yet of a host of other processes which are undoubtedly 
set up at the same time in the delicately balanced protoplasmic 
system and which may either counteract or reinforce the original 
disturbance. The facts at present seem to indicate that we must 
occupy an intermediate position and consider both the leucocyte and 
the state of the bacterial cell as playing an important and quite 
independent part in the process, and that it is difficult to interpret 
all the facts concerning phagocytosis on the basis of the opsonic 
theory, according to our present conception of the term opsonin. 



